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Abstract 
This paper provides a cost estimating framework for the Electrical, Electronic and 
Electromechanical (EEE) components obsolescence, which represents the main 
source of obsolescence issues due to the increasingly short life cycle of these types 
of components. The framework comprises a number of areas, namely “Component 
Complexity Levels”, “Obsolescence Management Levels”, “Obsolescence Resolution 
Profiles” and “Obsolescence Cost Metrics”. Several studies, based on literature and 
interaction with numerous obsolescence management experts from industry, have 
been employed in this research, following a systematic approach. The framework is 
able to estimate the non-recurring cost of obsolescence during the contracted period 
within the in-service phase. This is based on the information available at the bidding 
stage concerning the Product Breakdown Structure (PBS) and the obsolescence 
management strategy deployed. This framework has been validated at four different 
UK organisations in the defence and aerospace sectors using seven case studies, 
one of which is presented in this paper in detail. 
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1. INTRODUCTION 
The aim of this paper is to present a framework that can be used at the bidding stage 
of support contracts to estimate the obsolescence non-recurring engineering (NRE) 
costs incurred during the contracted period. This framework is the result of a 
comprehensive literature review and interaction with industry using interviews, group 
meetings and workshops. The basis of this framework relies on the results of the 
“obsolescence resolution profiles” study [1] and the “obsolescence cost metrics” 
study [2]. The framework has also been validated by numerous obsolescence 
experts following an iterative process using nine case studies from industry. 
The remaining sections of this paper are organized as follows: Section 2 shows the 
current trends in obsolescence management within Product-Service System (PSS) 
business models. Section 3 presents the related research on the areas of 
obsolescence and cost estimating. Section 4 describes the research methodology. 
The development of the EEE obsolescence cost estimating framework is presented 
in Section 5. The rationale that this framework follows is explained in Section 6 and 
the application to a case study is presented in detail, together with the results of 
seven case studies, in Section 7. Finally, the discussion about the strengths and 
weaknesses of the framework is provided in Section 8, and the concluding remarks 
and further work in this topic are explained in Section 9. 
 
2. OBSOLESCENCE MANAGEMENT WITHIN PRODUCT-SERVICE 
SYSTEMS 
In sectors such as defence and aerospace, the life-cycle of a sustainment-dominated 
system can be extended over many decades. These systems are usually composed 
of low volume complex electronics, which are affected by the fast changing market 
trends and the ongoing technical revolution in the electronics industry [3]. Due to the 
high costs and long life times associated with technology insertion and design 
refresh, these systems often fall behind the technology wave [4,5]. This explains why 
many components are reaching the end-of-life at increased rates in many avionics 
and military systems [6,7]. Therefore, one of the main problems that these systems 
unquestionably face during their lifetime is obsolescence [8,9]. A component 
becomes obsolete when it is no longer available from stock of its own spares, 
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procurable or produced by its manufacturer or suppliers [10,11]. The impact that 
obsolescence has on the life-cycle cost of sustainment-dominated systems should 
not be neglected. For instance, the obsolescence issues cost up to $750 million 
annually according to the US Navy estimations [12]. In fact, according to the UK 
Ministry of Defence (MoD) Obsolescence Manager for the Eurofighter Typhoon 
project, “obsolescence is number 2 risk to the project”. 
Currently, the defence environment is moving towards new types of agreement such 
as capability and availability based contracts, which are enabled by Product-Service 
System (PSS) business models [13]. PSS can be defined as “an integrated product 
and service offering that delivers value in use” [14]. It can be classified into three 
main categories: [15,16] 
1. Product-oriented, where the tangible product is owned by the consumer and 
additional services, such as maintenance, are provided. This business model is 
usually referred to as traditional spares and repairs contract. 
2. Use-oriented, where the ownership of the tangible product can be retained by the 
service provider or transferred to the customer, but the service provider is 
responsible for ensuring that the product is available. This business model is 
usually referred to as an availability contract. 
3. Result-oriented, where the customer and service provider agree on a desired 
outcome without necessarily specifying the product involved. This business model 
is usually referred to as a capability contract. 
The increased level of service provides the customer with higher value at reduced 
through-life cost. This transition is shifting the responsibilities for managing and 
solving obsolescence issues from the customer to the prime contractor and industry 
work share partners. Therefore, this new scenario has triggered the need to estimate 
the cost of obsolescence at the bidding stage, so it can be included in the support 
contract. Therefore, the framework presented in this paper enables the transition 
from traditional to availability contracts, including obsolescence in the contractual 
terms. 
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3. RELATED RESEARCH 
Most of the research carried out so far on obsolescence has focused primarily on 
how to manage, mitigate and resolve it [17,18]. For instance, some studies have 
been carried out on uprating electronic components, testing them beyond their 
designed operational characteristics (e.g. temperature), in order to replace obsolete 
components with an alternative [19,20]. Significant emphasis has been placed on the 
need to manage obsolescence proactively and to prepare an obsolescence 
management plan (OMP) to reduce the impact of obsolescence issues [21]. Many 
authors have indicated that collaboration among different projects and organisations, 
by sharing data about common obsolescence problems, is the next step required to 
reduce the obsolescence costs further [18,22]. Additionally, some research has been 
carried out to consider obsolescence at the design stage, as it can reduce the 
obsolescence risk during the lifecycle of the system [23,24].  An example of this 
could be future proofing of designs based on the supplier’s technology roadmap and 
incorporation of changes within the board design to accommodate new parts that are 
subject to change (i.e. die shrinkage). Currently, this practice is not very widespread 
but it is increasing, especially in sectors with high level of technology such as 
defence and aerospace, where suppliers are encouraged to share this information 
under partnering agreements with the system’s integrator (prime contractor). Some 
authors have done research on the effects that component standardisation may have 
on the life-cycle cost of systems, concluding that it will mitigate the impact of 
obsolescence and hence reduce its cost [25]. There is also research on the 
interchangeability of components, which supports the selection of replacements for 
the obsolete component [21,26]. 
From 1994, the use of commercial off-the-shelf (COTS) in the defence sector has 
escalated as a result of the “Perry’s directive” from the US Department of Defence 
(DoD) [27]. However, there is no consensus about the suitability of this measure to 
tackle obsolescence problems. Several authors [18,28,29] support the use of COTS 
to mitigate obsolescence while others are more sceptical about this, and consider it 
as a double-edged sword, because COTS usually have a short lifecycle and their 
performance is limited in many environments [12,30].  
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Special effort has been put into developing models and techniques to forecast 
obsolescence of electronic components. The “availability factor” method and the 
“scorecard” approach have been traditionally used for this purpose, but their 
accuracy is questionable [10,17]. Therefore, Solomon et al. [10] developed a lifecycle 
forecasting methodology for electronic components, that takes into account both 
market and technology factors. Likewise, Josias et al. [31] developed a multiple 
regression model for forecasting obsolescence of microprocessors. More recently, 
Sandborn et al. [32] developed a data-mining-based approach to electronic part 
obsolescence forecasting, which can be applied when there are identifiable 
evolutionary parametric drivers. Additionally, Sandborn et al. [33] have developed a 
methodology for generating algorithms that can be used to predict the obsolescence 
dates for electronic parts that do not have clear evolutionary parametric drivers. 
Singh, Sandborn and Feldman, from the University of Maryland, designed a software 
tool that enables the prediction of the optimum design refresh plan (MOCA tool) 
[34,35]. This tool simultaneously optimises multiple redesigns and multiple 
obsolescence mitigation approaches, based on forecasted electronic part 
obsolescence [32,36]. Additionally, Feng et al. [37] developed the Life of Type 
Evaluation (LOTE) tool for optimizing last time buy (LTB) quantities to minimize 
lifecycle cost.  
In terms of obsolescence cost estimation, the MoD and the DoD have carried out 
cost metric studies for obsolescence resolution during the last decade [38]. However, 
opportunities for improvement have been pinpointed by many obsolescence experts 
[17]. Some of the limitations identified have been overcome by a set of cost metrics 
developed by Romero Rojo et al. [2]. 
The literature review and discussions with many experts from different organisations 
in the defence and aerospace sector have revealed that little research has been 
done in the area of cost estimation for obsolescence. The need for a framework that 
can be systematically used to estimate the NRE cost of obsolescence during the in-
service phase at the bidding stage [2] has been identified. This need is justified by 
the move from traditional contracting for sustainment-dominated systems towards 
contracting for availability (CFA) in the defence and aerospace sector. This is 
bringing the prime contractor and the customer to a new scenario in which they need 
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to make accurate, consistent and auditable estimations of the obsolescence cost at 
the bidding stage in order to include it in the contracts [2].  
4. RESEARCH METHODOLOGY 
A systematic approach has been followed in this study, as shown in Figure 1. The 
first phase aimed to gain an understanding on obsolescence and cost estimation 
through a literature review and semi-structured interviews with experts from industry. 
This allowed the identification of key factors and cost drivers for obsolescence, 
together with the type of information available at different stages of the life-cycle of 
the system. A MS Excel-based prototype for the cost estimation of obsolescence was 
developed and iteratively enhanced, based on qualitative validation carried out in 
collaboration with experts from different organisations. The resulting framework was 
then quantitatively validated using case studies from industry. 
 
Figure 1 Research Methodology 
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5. EEE-FORCE FRAMEWORK DEVELOPMENT 
 
 
Figure 2 EEE-FORCE Concept 
A representation of the Electronic, Electromechanical and Electrical Framework for 
Obsolescence Robust Cost Estimation (EEE-FORCE) is displayed in Figure 2. It is 
mainly based on four concepts, namely “Component Complexity Levels”, 
“Obsolescence Management Levels”, “Obsolescence Resolution Profiles” and 
“Obsolescence Cost Metrics”, which were developed by means of two studies.  
5.1 TERMINOLOGY: PRODUCT VS. COMPONENT 
The following concepts, "Product" and "Component" are regarded as two consecutive 
levels to which this framework is applied, regardless of their hierarchical level (e.g. 
platform, integrated system, system, subsystem, assembly, board, part). "Product" 
represents the upper of the two levels considered. 
o "Component" represents the lowest level of interest to which 
obsolescence can be managed. 
o A "Product" is composed of "Components" and represents the 
consecutive upper level in the system hierarchy. 
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5.2 OBSOLESCENCE RESOLUTION PROFILES STUDY 
The Obsolescence Resolution Profiles (ORPs) study aims to determine the 
probability of using each resolution approach to tackle an obsolescence issue for an 
electronic component. Details of this study are provided in the obsolescence 
resolution profiles study paper [1]. The main outcomes are: 
 A set of definitions for the obsolescence resolution approaches, agreed across 
the key obsolescence experts in the UK defence sector. 
 A classification of the components complexity levels, according to the 
difficultness of replacing an obsolete component. 
 A classification of the obsolescence management levels, according to the level 
of proactiveness deployed. 
 A total of 15 obsolescence resolution profiles, where each one represents the 
probability of using each obsolescence resolution approach to tackle an 
obsolescence issue. Each obsolescence resolution profile is characterised by 
one level of component complexity and one level of obsolescence 
management proactiveness. 
 
5.3 OBSOLESCENCE COST METRICS STUDY 
The second study was focused on the development of obsolescence cost metrics 
(OCM). Details of this study are provided in the obsolescence cost metrics paper [2].  
The key cost drivers were reached by consensus: 
 Resolution approach applied to solve the obsolescence issue. 
 Type of platform. 
 Requalification testing required, which depends upon the level of 
safety/criticality of the obsolete component. 
 Level of integration of the obsolete component. This depends upon two 
factors: 
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o The Package Density, which is based on the space available in the 
product (e.g. Line-replaceable unit (LRU) or assembly) and the level of 
interaction within the obsolete item. 
o The Coupling Level, which is characterised by the number of interfaces 
that the obsolete item has with adjacent items (e.g. mechanical, optical, 
electrical, software or communications protocols) and the 
characteristics of each interface. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             
Figure 3 Obsolescence Cost Metrics (non-dimensional) [2] 
 
Type of Platform FACTOR 3 (C)
Space 1.3
Air / Safety Critical 1
Sea/Submersible 0.73
Land-Mobile (military) 0.53
Land-Fixed (consumer) 0.3
Requalification 
Required
FACTOR 4 (X)
Yes 1
No 0
NORMALISED 
BASE COST (Q)
Existing Stock 0.09
LTB 0.57
Cannibalisation 0.49
Equivalent 1.00
Alternative 1.00
Authorised Aftermarket 1.29
Emulation 7.63
Minor Redesign 6.09
Major Redesign 28.57
Small Medium Large Very Large
Existing Stock 1 1 1 1
LTB 1 1 1 1
Cannibalisation 1 1.47 2 2.65
Equivalent 1 1 1 1
Alternative 1 1 1 1
Authorised Aftermarket 1 1 1 1
Emulation 1 5.62 13.11 71.16
Minor Redesign 1 2.77 3.96 14
Major Redesign 1 2 4 50
Level of Integration
FACTOR 1 (A)
Small Medium Large Very Large
Existing Stock 0 0 0 0
LTB 0 0 0 0
Cannibalisation 0 0 0 0
Equivalent 0 0 0 0
Alternative 1.86 1.86 3.34 5.14
Authorised Aftermarket 1.89 1.89 3.4 4.73
Emulation 0.95 1.62 5.19 29.62
Minor Redesign 1.35 5.09 7.48 11.78
Major Redesign 1.5 18 30 87.45
FACTOR 2 (B)
Level of Integration
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The cost metrics illustrated in Figure 3 represent the non-recurring costs of resolving 
an obsolescence issue using each of the resolution approaches. These non-recurring 
obsolescence costs are calculated, according to the parameters that characterise the 
obsolescence issue, by applying the following formula, combining the base cost with 
the four factors. 
 
 
 (A) is applied to estimate the resolution cost without requalification. It 
depends upon the resolution approach and the level of integration. 
 (B) is applied to estimate the requalification cost. It depends upon the 
resolution approach and the level of integration. 
 (C) is applied to take into account the type of platform in the 
estimation of the re-qualification cost. 
  (X) indicates whether requalification testing is required or not. 
 
The resulting cost metrics have been normalised, making the base cost non-
dimensional as shown in Figure 3. This normalisation makes these metrics timeless, 
allowing them to be used for any project regardless of the inflation and fluctuations in 
the currency exchange. However, it is necessary to generate the cost metrics that will 
be applied to a particular project by benchmarking one value based on past 
experience. For instance, if it is known for a particular project that the NRE cost of 
solving an obsolescence issue – with no requalification required and small level of 
integration – by finding an equivalent is £3,500, then the base cost for minor redesign 
is £3,500 × 6.09 = £21,300, and the rest of cost metrics can be analogously 
calculated. 
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6. EEE-FORCE COST ESTIMATION PROCESS 
Figure 4 outlines how the information input to the framework is combined to estimate 
the NRE cost. The three main elements are: 
 Number of obsolescence issues during the contracted period 
 Obsolescence Resolution Profiles (ORP) 
 Obsolescence Cost Metrics (OCM) 
 
Figure 4 EEE Obsolescence Cost Estimating Framework Structure 
 
The number of obsolescence issues and its probability is calculated based on the 
information available, which may include: 
 Bill of Materials 
 Contract duration 
 Level of stock exclusive to the project of concern 
 Consumption rate 
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 Predicted end of life (obsolescence date) 
 Mean Time Between Failures (MTBF) 
 Fleet size 
 Number of same components per platform 
 Percentage of scrap – It represents the percentage of items that are discarded 
once they fail. The rest are repaired and go back to stock. 
 Probability of running out of stock during the contracted period 
The consumption rate (items used per year) for each component can be input directly 
by the user or it can be calculated using the following formula: 
 
 
 
The framework combines this information with the level of stock available (exclusive 
to the project of concern) to estimate the date by which the stock will run out  if no 
more is bought using the following formula: 
 
 
 
If that data is not available or the stock is not exclusive to the project of concern, the 
user will indicate the probability of running out of stock during the contracted period 
based on expert judgement using the following scale: 
 100% - It is certain that will run out of stock during the contracted period 
 75% - High probability of running out of stock during the contracted period 
 50% - Medium probability of running out of stock during the contracted period 
 25% - Low probability of running out of stock during the contracted period 
 0% - It will certainly not run out of stock during the contracted period 
 
The predicted end of life (obsolescence date) may come from an obsolescence 
monitoring tool or the usage of obsolescence forecasting algorithms. If they are not 
available, or the information related to a particular component is not included in those 
databases, the user can assess the probability of going obsolete during the 
contracted period based on expert judgement, using a scale analogous to the one 
described above. 
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An obsolescence issue occurs when a component goes obsolete and runs out of 
stock during the contracted period. Therefore, when the user relies on expert 
judgement, the probability of having an obsolescence issue can be calculated using 
the following formula: 
Probability of Obs. Issue = Probability of Becoming Obsolete during the Contracted 
Period × Probability of Running Out of Stock during the Contracted Period 
For instance, if there is high probability of running out of stock during the contracted 
period (75%) and low probability of going obsolete during the contracted period 
(25%), then the Probability of Obs. Issue is equal to 75%×25%= 18.75%. 
If there is data available that allows estimation of the obsolescence date and the out-
of-stock date, the probability can be derived from comparing those dates with the end 
of the contract. 
 
The five steps followed to estimate the NRE cost are outlined in Figure 5. In Step 1 it 
requires the user information in terms of who is providing the information and when, 
in order to provide traceability for the cost estimate. Step 2 requires information about 
the system, including the type of platform, support contract duration, breakdown of 
the system into product and level of information available for each product. The 
framework is flexible enough to adapt to any level of information available and still 
provide a cost estimate, where the level of uncertainty is related to the level of 
information available and its reliability. For those products for which detailed 
information is available, it will be provided in Step 3A; whereas Step 3B will be used 
when little information is available for a product, and hence, expert judgement is 
required [39]. In Step 4 and Step 5 it is possible to customise and calibrate the 
Obsolescence Resolution Profiles and the Obsolescence Cost Metrics respectively.  
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Figure 5 EEE-FORCE Cost Estimating Process 
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The Obsolescence Resolution Profiles resulting from the ORP study can be 
customised to reflect better the current practice in the project for which the framework 
is going to be applied. Similarly, the Obsolescence Cost Metrics can be customised 
as well if historical data is available.  
The estimated number of obsolescence issues during the contracted period is 
produced by the framework undertaking a risk assessment based on the contract 
duration, level of stock, consumption rate and predicted end of life for all the 
components included in the bill of materials (Figure 4). This risk assessment 
analyses the probability for each component of simultaneously running out of stock 
and reaching the end of life before the contract ends. 
The fact that emulation, minor and major redesigns may resolve several 
obsolescence issues simultaneously and avoid forthcoming ones has generally been 
ignored in traditional cost accounting done by obsolescence management groups. 
Therefore it was necessary to introduce the concept of the "clustering factor” to 
address this issue. The clustering factor represents the number of redesigns that 
would be applied to solve 100 obsolescence issues requiring a redesign. For 
instance, if the clustering factor is 30%, it represents that if there are ten 
obsolescence issues requiring a minor redesign, only three minor redesigns will be 
required rather than ten. 
The level of uncertainty involved in the following inputs is taken into account in this 
framework: 
 Consumption rate – a plus/minus percentage is defined around the figure 
provided, and a normal distribution is assumed. 
 Obsolescence date – a plus/minus number of months is defined around the 
figure provided. 
 Number of components, number of  obsolete components and number of 
requalification testing – When detailed information is not available, the 
estimates will be provided together with a plus/minus percentage, and a 
normal distribution is assumed. This percentage will be based on the level of 
confidence on the figure provide.  
 Cost metrics – For the base cost (Q) (see Figure 3), a normal distribution is 
considered, where the mean is the figure provided as “base cost” and the 
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standard deviation has been extrapolated from the results of the MoD cost 
metrics study [38]. 
 Clustering factor – a plus/minus percentage is defined around the figure 
provided, and a normal distribution is assumed. 
 
7. VALIDATION CASE STUDY 
The EEE-FORCE framework has been validated by applying it to seven case studies 
across four different companies in the UK defence sector. For the analysis of the 
case studies, the output provided by the EEE-FORCE framework was compared with 
the cost estimated at the engineering level, which provides the basis for the price 
agreed with the customer when signing the contract, after including the profit margins 
and inflation considerations. A representative case study is provided in detail for this 
paper. It covers the obsolescence management for the support of part of the avionics 
in a military aircraft within the in-service phase of the CADMID1 cycle, contracted for 
ten years. The terms of the contract include covering proactive notification of 
obsolescence issues, last time buy (LTB) and FFF replacements. This case study 
has been chosen due to the availability of this information and because it represents 
a good example of the application of the proposed framework.  
This case study was carried out in collaboration with the Obsolescence & Reliability 
Manager of the prime contractor, who has 4 years of experience on managing 
obsolescence. The inputs are summarised in Table 1. 
 
 
 
 
 
                                               
1 The Concept, Assessment, Demonstration, Manufacture, In-service, Disposal (CADMID) cycle was developed 
as part of SMART Acquisition within the Defence Procurement Agency at the United Kingdom Ministry of 
Defence (MOD). 
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Table 1 Summary of Inputs for Case Study 
Number of Products 1 
Contract Duration 10 years 
Obsolescence Management Level Bespoke 
Type of Platform Air systems / Safety Critical 
Coupling Level Medium 
Package Density Medium 
Level of Integration Medium 
Number of Components 270 
Level of Information Available - List of Components 
- Obsolescence Monitoring Tools 
- Probability of Running out of Stock 
- Obsolescence date (51 components) 
- Probability of having an obsolescence 
issue (219 components) 
- Levels of Complexity 
Stock shared for all components? Yes 
Requalification Testing Required None 
Components Ignored 0 
Obsolescence Resolution Profiles Bespoke (based on experience and historical 
data) 
Cost Metrics Bespoke/Default 
Clustering Factor 30% 
 
The Obsolescence Resolution Profiles were customised to represent the current 
practice in this project. As shown in Figure 6, for low-complexity components, there is 
similar probability of applying equivalent (52%) or LTB (48%) to solve an 
obsolescence issue. For a medium-complexity component, it is more likely to find an 
equivalent (60%) than existing stock (20%) or making a LTB (20%). An obsolescence 
issue in a high-complexity component will always be solved by making a LTB (100%). 
For this purpose it is important to apply proactive obsolescence management 
strategies, so the prime contractor can monitor the status of high-complexity 
components and avoid missing LTB notifications. 
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LTB
48%
Equivalent
52%
LOW COMPLEXITY
 
Existing 
Stock
20%
LTB
20%
Equivalent
60%
MEDIUM COMPLEXITY
 
LTB
100%
HIGH COMPLEXITY
 
Figure 6 Bespoke Obsolescence Resolution Profiles 
As a result, the EEE-FORCE framework predicted a total of 62.5 obsolescence 
issues during the contract period, and estimated that the NRE cost of solving those 
obsolescence issues will be £262,985. The result of running the Monte Carlo 
Simulation is displayed in Figure 7. It shows that after running 1000 trials, a beta 
distribution represents the probability of the costs estimated. The mean (μ) of this 
distribution is £263,456 and the standard deviation (σ) is £13,897. 
 
Figure 7 Output of EEE-FORCE after Running Monte Carlo Simulation 
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The results were compared with the figures agreed for obsolescence in this contract 
at the engineering level (not taking into account the inflation), which were calculated 
using an in-house bespoke model validated with the customer.  The obsolescence 
cost agreed is £259k, which differs in 1.54% with the EEE-FORCE estimate. 
Table 2 Summary of Quantitative Results from Case Study 
 
System 
 
Contract 
Duration 
EEE-FORCE Estimate Contractual 
Figure 
Agreed at the 
Engineering 
Level 
 
Difference 
(%) 
Min. 
estimate 
(E-2SD) 
Most 
Likely 
estimate 
(E) 
Max. 
estimate 
(E+2SD) 
Avionics 10years £236k £263k £277k £259k +1.54% 
Avionics Pre-
contract 
£33k £43k £52k £45k -4.44% 
Airborne 
Systems 
11years £5.06m £6.42m £7.79m £6.8m -5.59% 
Aircraft 
systems 
5years £1.62m £1.86m £2.1m £1.7m +9.41% 
Radar 5years £2.53m £3.6m £4.67m £3.7m -2.7% 
Avionics 10years £2.5m £3.13m £3.76m (£2.4m–£3.7m) 
£3.05m 
+2.62% 
Avionics 10years £2.55m £3.16m £3.78m (£2.4m–£3.7m) 
£3.05m 
+3.61% 
SD – Standard Deviation 
The quantitative results of the seven case studies carried out are summarised in 
Table 2. For all of them, the difference between the estimated cost (E) and the cost 
agreed in the contract at the engineering level (without inflation considerations) is on 
average 4.27%, and always lower than 10%. For instance, in the sixth case study 
shown in the figure, the 3 point estimate provided by the in-house model is (£2.4m, 
£3.05m, £3.7m) which is congruent with the EEE-FORCE estimate (£2.5m, £3.13m, 
£3.76m), where the notation is (minimum, most likely, maximum). The last two case 
studies are actually referred to the same system, but in the first one all the 
information has been input in STEP 3A whereas in the second one all the information 
has been input in STEP 3B for comparative purposes. The results obtained in both 
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cases are similar to each other and congruent with the in-house bespoke model. This 
shows that the EEE-FORCE framework can be applied to different projects and the 
predictions are at least the same level of accuracy as the in-house bespoke models. 
These in-house models, which are kept confidentially at these companies, have been 
developed bespoke for particular projects and validated with past data.  
 As a result of the verification and validation of the EEE-FORCE framework, a total of 
eight experts on obsolescence (average of 8.6 years experience on obsolescence) 
from different organisations across the UK defence sector concur that the key 
formulae applied in this framework is valid and the outputs are consistent.  
 
8. DISCUSSIONS 
This research has been mainly focused on EEE components obsolescence in the 
defence and aerospace sector. However, interviews with obsolescence experts in 
others fields, such as nuclear and railway, have indicated that there are big 
similarities for any sustainment-dominated system, whose support is usually 
contracted following Product-Service System (PSS) business models. Likewise, the 
EEE-FORCE is regarded as a suitable framework for this type of systems, regardless 
of the sector in which it is considered. 
The concepts and data used for the development of the EEE-FORCE framework are 
derived from discussions, workshops and interviews with experts in obsolescence 
rather than from historical data, due to its unavailability. However, the usage of a 
systematic research methodology, combining the Delphi method and the Critical 
Incident technique, overcame the problem of basing the research on expert 
judgement rather than on actual data. It is expected that the appropriate storage of 
historical data related to obsolescence across different projects may enable in the 
future the refinement of the figures and concepts generated in this framework. 
The Obsolescence Cost Metrics developed in the past by the UK MoD and the US 
DoD received criticism from many experts in industry. It was highlighted that they can 
be improved by taking into account other cost factors apart from the resolution 
approach applied. By means of this study, other key cost drivers were identified and 
their contribution to costs was assessed. Further research may build on this, refining 
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the cost metrics resulting from this study, by analysing actual costs regarding 
obsolescence issues. 
All the experts that participated on the validation of this framework agreed that it is 
very flexible for two reasons. First, it adapts to any level of information available, 
which enables the user to apply it at different stages of the CADMID cycle. This 
provides a key advantage over cost estimating approaches designed for early stages 
(e.g. parametric) or when detailed information is available (e.g. bottom-up) [40,41], 
because it provides continuity in the estimates, allows for  refinement as more data 
becomes available. Second, the framework has been designed in a way that the user 
can easily customise it, by modifying the cost metrics and the ORP. 
A set of assumptions have been made in the development of this framework, which 
may be a possible limitation for its usage. The first one is that this framework is 
meant to be used for the NRE cost estimation of the obsolescence issues that arise 
during a support contract, assuming that no technology refresh or capability 
upgrades take place in this period. Additionally, it is assumed that all the fleet is 
enhanced during midlife upgrades. Another assumption made is that any component 
is not expected to become obsolete more than once during the contracted period. In 
reality, this assumption is only valid when the obsolescence issue is tackled using 
long-term solution such as LTB or redesigns; whereas the usage of short-term 
solutions such as alternates or equivalents may result on several obsolescence 
issues.  It is regarded that an obsolescence issue will only contribute to costs for the 
contract if the level of stock for that item is not enough to cover the contracted period. 
Emulation, Minor and Major Redesigns may solve several obsolescence issues 
simultaneously, and the clustering factor is used to represent this fact. A limitation of 
this framework is the fact that the cost of money is not taken into account. For this 
purpose, it is not enough to predict the number of obsolescence issues during the 
contracted period, but also it is necessary to forecast when each obsolescence issue 
will happen.  
The EEE-FORCE framework estimates the cost of obsolescence at the engineering 
level and this is why the year on year escalation of cost due to inflation is not taken 
into account. Concepts such as net present value (NPV) and inflation will need to be 
taken into account for further enhancements of this framework in order to convert the 
cost estimate into a price for the contract. 
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9. CONCLUDING REMARKS 
The EEE-FORCE framework provides a novel and systematic approach to estimate 
the NRE cost of solving existing obsolescence issues at the bidding stage and 
through the life of the contract. This is a publicly available framework based on 
industry-wide collaboration. It addresses a need triggered by the current move 
towards contracting for availability, where the obsolescence risk is cascaded down 
the supply chain. The experts that participated on the validation process concur that 
this framework is suitable for the cost estimation of obsolescence and some of them 
have started to apply it to current projects. The intention of the MoD is that this 
framework can set the basis for a common understanding on the obsolescence cost 
during contract negotiation between the customer and the prime contractor. It is 
acknowledged that this framework may help to consider obsolescence at the design 
stage, so it can be mitigated. The framework can be applied to any long-term project, 
predicting cost at least at the same level of accuracy as the in-house developed 
model existing in some companies.  
This is a robust framework because much consideration has been made in the 
development, combining validation with experts and continuous enhancements. As a 
result, this framework incorporates features such as a rigorous risk assessment, the 
clustering factor, and the alternative obsolescence resolution profiles that can be 
applied when the system is reaching the end of its in-service phase. It also takes into 
account the uncertainty in the inputs and applies the Monte Carlo simulation to bring 
it into the cost estimate. 
For the implementation of this framework in large companies, it is advised that the 
ownership should stay with a functional group of obsolescence managers, so they 
can customise, adapt and apply to any project where it is required. Finally, the need 
for an analogous framework for the cost estimation of obsolescence issues in 
materials has been identified. It is suggested that future research on this framework 
may address the limitations of the current version, including those discussed in the 
previous section, making the framework more robust and reliable. 
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